In some metals containing a sub-lattice of rare earth or actinide ions, free local f spins at high temperatures dissolve into the sea of quantum conduction electrons at low temperatures, where they become mobile excitations. Once mobile, the spins acquire charge, forming electrons of heavy mass, known as heavy fermions. In turn, the incorporation of heavy charges into the conduction sea leads to an increase in the volume of the Fermi surface. This process, called Kondo scattering, is accompanied by a dramatic, temperature dependent transformation of the electronic interactions and masses. Since the Kondo phenomena is controlled by quantum fluctuations, here we ask, at which point does the Fermi surface change character? A priori, the answer is not clear, since near its onset, the Kondo effect cannot be described as a simple hybridization of electronic eigenstates. Conventional descriptions of this Kondo scattering process consider that hybridization, Fermi volume change, and f -electron mobility occur simultaneously. However, using angle resolved photoemission spectroscopy to measure the evolution of excitations, we find that the changes of the Fermi surface emerge at temperatures an order of magnitude higher than the opening of the hybridization gap, and two orders of magnitude higher than the onset of the coherent character of the f -electrons. We suggest that the large changes in Fermi volume, driven by electronic fluctuations, occur at temperatures where the various Γx → Γy crystal field-split f levels become accessible to conduction states of the corresponding symmetries. The separation of these energy scales significantly modifies the conventional description of the Kondo lattice effect, which still lacks a full theoretical description.
Ce 2 RhIn 8 has a three-dimensional Fermi surface [1] : in Fig. 1 we show ARPES intensity maps measured at 300 K for photon energies hν of (a) 17 eV, and (b) 22 eV, respectively. In three-dimensional samples, points at different radial distances from the origin in plots (a) and (b) correspond to different values of k z , the momentum perpendicular to the surface, as illustrated in Fig. 2(a) . At the Fermi energy, the relationship is given by k z = 1 2m(E kin cos 2 θ + V 0 ), where E kin = hν − φ, with φ the work function, θ the photoelectron emission angle, and V 0 the inner potential which refracts the photoelectron upon leaving the sample. Ideally, one would like to maintain constant k z for all k x , k y . However time requirements make such experiments impractical. Instead, using the dispersion of states at k x = ±0.21(π/a) and k y = 0 as a function of photon energy hν, we determine that V 0 = 12 ± 1 eV (see Supplemental Material). This allows us to place each measurement point at the correct k. More importantly, meaningful conclusions about changes in the Fermi volume are still possible, since we are measuring at fixed |k| as a function of temperature.
Although the ARPES intensity maps in Fig. 1 provide an appealing visual overview, they do not yield unambiguous spectroscopic information. Instead, we use the momentum distribution curves (MDCs), which are plots of the photoemission intensity at a fixed binding energy (E B ) vs. momentum k, as shown in Fig. 1 Surface effects are known to be problematic for the interpretation of ARPES data of heavy fermion materials [2] . We employ the following strategy to assure ourselves that none of the features shown in Fig. 1 originate from surface states. It is reasonable to assume that the f -electrons are localized at room temperature [3] [4] [5] . We may therefore compare the measured Fermi surface to LDA calculations performed in La 2 RhIn 8 by Ueda et al. [1, 6] . La 2 RhIn 8 has the same structure as Ce 2 RhIn 8 studied here, except that the replacement of Ce by La removes the f -states from the calculation. If the measured FS sheets show a reasonable approximation to the calculations, such as the same number of sheets with a similar dispersion, we can safely assume that the states in question are not surface states. In Fig. 2 we show the experimental points measured at T = 300 K and hν = 22 eV (black dots) from Fig. 1. (b) shows the experimental data around the Brillouin zone (BZ) corners compared to the calculations for the (ΓXMX) plane (lines), and in (c), experimental dots in the vicinity of the BZ center are compared to calculations on the (ZRAR) plane (lines). Electron and hole pockets are displayed in blue and red, respectively.
We note that it is more difficult to compare calculation and experiments at 17 eV photon energy due to the ex- tremely complicated topology of the hole-like FS at the center of the BZ [6] . Instead, we compare the experimental results to calculations using 22 eV photon energy data. The correspondence of the calculations to different regions of our plots, depending on the high symmetry plane and direction considered, are made explicit in the sketch shown in Fig. 2 (a) (see Supplemental Material for a more quantitative analysis). The correspondence of each measured Fermi surface sheet to one in the calculation allows us to conclude that none of the experimental data shown and discussed here originates from surface states. In summary, at room temperature for hν = 22 eV, we observe 4 cylindrical but corrugated electron-like FS sheets centered at the BZ corner, and a large "star-like" hole sheet enclosing 4 small electron-pockets.
Having understood the high temperature state with asymptotically free f moments, we can now examine the evolution of the electronic excitations with decreasing temperature, shown in Fig. 3 . Comparing data measured at 300K (Fig. 3(a) ) with that measured at 10K (Fig. 3(e) ), one can see that the three outermost barrels mainly undergo a slight distortion. In contrast, states around the BZ center exhibit dramatic changes in their topology at low temperatures. A clear dichotomy in behavior has set in: the states mostly parallel to the [100] direction, which we call in-plane (i.e. mostly 2p nondispersing) states show little mixing with the f levels, while the out-of-plane ones show the largest mixing [7] . We arrive at this conclusion because the out-of-plane states around the center of the BZ show the largest dispersion along k z [8] .
The main changes going from high to low temperatures are the disappearance of the small pockets, and the splitting of the large star-like hole-FS observed at high temperature into two electron-like sheets, which can also be seen from the band dispersion at 30 K along the high symmetry lines shown in Fig. 3 (f). These changes lead to a collapse of the Fermi surface volume at high temperatures as it looses one electron. Note that between High Low (e) T = 10 K T = 30 K and 10 K the peak of the spectral function shifts, as one would expect from the presence of a gap, but a substantial amount of spectral weight remains at the chemical potential and there is no noticeable change in the band dispersion [7] . Due to the strong fluctuations and correlations (i.e. large spectral widths), and small energy shifts of the hybridized states, the energy gap at 10 K is not apparent in the MDC's [9] . As a consequence, the low temperature BZ remains fully occupied, and the mixing can now be described as a standard hybridization.
Only once the temperature increases above 125 K does the volume collapse. Indeed, when increasing the temperature from 10 K to 125K, (Fig. 3(d) ), well above the spectral gap closure, only very small changes can be observed compared to the more dramatic changes occurring above 200 K -i.e. about 170 K above the hybridization gap closure [7] . The change occurs mostly as the band located along the [010] direction (k x , k y ) ≈ (0, 1/2)(π/a) starts splitting to form the petals of the "star-like" high temperature FS sheet.
A detailed MDC analysis (described in the supplemental material) indicates that at intermediate temperatures, for example 255 K (Fig. 3(b) ), the FS can be described as coexisting sheets from low temperature states together with sheets originating from room temperature statesalthough we note that more than one domain may be present. Nonetheless, we must still conclude that FS sheets of different symmetries mix with the crystal fieldsplit f level of appropriate symmetry and energy at different temperatures.
From extensive temperature dependence measurements, we estimate that the crossover is centered at about ∼200 K, which coincides with the minimum of the resistivity curve of Ce 2 RhIn 8 with temperature [10] . Near this temperature, the fluctuations have become sufficiently large for the Kondo scattering to overcome the phonon scattering, causing the resistivity to increase with further decrease in temperature. In CeIrIn 5 , Choi et al. [11] predict that the onset of the crossover where the small FS begins distorting towards the low temperature FS occurs at 130 K, while the composite quasiparticles only emerge below 50 K. Experimental data in CeRh 1−x Co x In 5 also shows the occurrence of FS reconstruction much earlier than the quantum critical transition [12] .
Our data clearly show that the change in the Fermi volume must be thought of as fluctuation driven, since the incorporation of the f -electrons into the Fermi volume occurs at temperatures one order of magnitude higher than the opening of the conventional hybridization gap. Even though one might be tempted to call it hybridization, since strictly speaking hybridization is a local phenomena, the states are strongly fluctuating in time, quite unlike conventional hybridization. Once the temperature is sufficiently low (by nearly an order of magnitude), and the fluctuations of the conduction electrons have been sufficiently quenched, a spectral gap appears, as shown in Ref. [7] . There are three clearly distinct crossover temperatures: one where Kondo scattering begins to mix the different f 1 levels with the conduction electron sea, and another where the fluctuations have been sufficiently quenched for a spectral gap to appear, and finally the onset of the coherence at very low temperature (T ∼ 5 K).
Indeed, the crystalline-electric-field (CEF) level scheme for Ce 2 RhIn 8 is composed of two magnetic doublets split from a doublet ground state by 70 K and 195 K, respectively [13] . The lowest two doublets have the same symmetry, while the one at 195 K has not. Therefore, the observation of the gradual collapse of the Fermi volume brings information about the CEF into the character of the Fermi surface. It is not surprising then that small changes in composition [7] , and/or applied pressure leads to significant changes in the electronic states. In fact, a subtle evolution of the CEF effects have been claimed to be an important parameter to tune the ground state from antiferromagnetic to superconducting in this class of materials [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The results reported here showing a direct correlation between the CEF excitations and FS effects, even at high temperature, can bring important new insights to the understanding of how this tuning may occur. The ARPES data were obtained on the U1 4m-NIM beamline at the Synchrotron Radiation Center in Wisconsin using a Scienta R4000 spectrometer. The measurements were performed at a pressure of 2 to 5 x 10
Torr and a clean surface was obtained by in situ cleavage of the crystal perpendicular to the [001] direction. The selected energies were 17 and 22 eV, with the polarization parallel to the [100] direction. The energy resolution ranged from 13 meV at low temperature to 25 meV at room temperature. The photon energy dependence detailed below was carried out in similar conditions on the U9 VLS-PGM beamline using a Scienta 200U analyzer with an energy revolution of about 25 meV. The single crystals were grown using In-flux method [24] ; crystals structures and phase purity were checked by x-ray powder diffraction.
Data analysis.
To determine accurately the different FS sheets in Ce 2 RhIn 8 , we used the momentum distribution curves (MDC), i.e. plots of the photoemission intensity as a function of momentum for a fixed binding energy, an example of which is shown in Fig. S4 (a) . By using a sum of lorentzians [9] to fit the MDCs at E F for all the angles covering the BZ (Fig.1(c) ), we can follow the band dispersion and obtain a plot where each dot corresponds to a different Fermi vector k F (see bottom halves of Fig. 1(a,b) and Fig. 3(a-e) ). Examples of the fitting procedure are displayed for 2 consecutive angles in Fig. S4(b) .
Note that the results are not exactly symmetric. First, by comparing left and right sides (±k x ), the peak positions are not exactly identical: the dots are not perfectly overlapping. Besides the resolution, that can be due to a very slight sample misalignment. Also, as matrix elements are very strong in Ce 2 RhIn 8 , even a very small misalignment can introduce a noticeable effect on the measurement: some bands which are not visible due to destructive matrix elements can appear when the measurement is perform slightly away from the mirror plane. To take those effects into account, both sides are 4-fold symmetrized, which give us an error bar on the actual k F positions.
There is a strong matrix element dependance on the direction of the measurement (±k y ), i.e. changing the measuring angle θ by going away or towards the beam. Some bands are only visible on one specific side. Both measurement were used to get a complete picture of the FS. The 4-fold symmetry of the data has been checked by measuring the same sample before and after a 90
• rotation, which give the exact same result.
From the k F positions, combined with a careful band dispersion analysis, we can then identify the different FS sheets which are indicated by the colored curves in Fig. 1(a,b) and Fig. 3(a-e) .
Photon energy dependence.
We have studied the photon energy dependence in order to estimate the value of the inner potential V 0 in Ce 2 RhIn 8 . Measurement were carried out at low temperature (T = 20 K) along the [100] direction at k y = 0 using photon energies ranging from hν = 20 eV to 36 eV; an example of the corresponding band dispersion for this configuration can be seen on Fig. 3(f) (left side). For k x = ±0.21(π/a), we clearly observe two bands (red and blue lines on Fig. 3(f) ); the corresponding energy distribution curves (EDC), shown in Fig. S5(a) for hν = 23 eV, have been carefully fitted using a sum of lorentzians multiplied by the Fermi function to determined the band positions as a function of hν. We also used a simple gaussian fit on the deeper band (band 1) to test that the result does not depend on the fitting procedure. The corresponding k z dispersions, displayed in Fig. S5(b) , show a clear periodicity as a function of hν. We observe a similar behavior for the band visible at E B = −0.25 eV on Fig. S5(a) (results not displayed) .
To extract the inner potential value from the experimental band dispersion, we used the following method: at E F the momentum in the direction perpendicular to the measurement is given by
where E kin = hν − φ, with φ the work function (φ ≈ 4.5 eV in our measurements) and θ the photoelectron emission angle. The momentum value used in our study k x = ±0.21(π/a) corresponds to an angle 3 • ≤ θ ≤ 4
• for 36 eV ≥ hν ≥ 20 eV, i.e. the measurement is close enough to normal emission to approximate cosθ ≈ 1. We obtain the following relation: period varies as T n+1 = T n +2 with hν, where T 0 = 7 eV. Such a function can be described by: If we now assume that V 0 = 11 eV +δV 0 , then x 0 = 2.5 eV +δV 0 . By using V (x) as a fitting function (free parameters A, B, and δV 0 ) and taking the average for all the bands studied, we obtain a good estimate for the inner potential in Ce 2 RhIn 8 : V 0 = 12 ± 1 eV.
ARPES measurement at constant photon energy.
Using Eq. 1 with V 0 = 12 eV, one can now calculate the correspondence between (k x , k y ) and k z for a given photon energy. The corresponding curves are displayed in Figure S6 for 17 eV (green curve) and 22 eV (red curve) in the (010) plane (a) and the (110) plane (b). Near to (k x , k y ) = (0, 0), the experimental data shown in Fig.1 correspond approximatively to k z = 1/7(π/c) for hν = 17 eV (a) and k z = 4/5(π/c) for hν = 22 eV (b) along the Γ → Z symmetry line. As (k x , k y ) increases, one can see that while the probed k z variation represents about one third of the Γ 5 → Z 5 distance in the (010) plane, it reaches up to 3/4 of the distance along the [110] direction. As a consequence, at the BZ boundary along the [110] direction, for hν = 17 eV (22 eV) the probed k almost reaches the symmetry point A (M), respectively.
